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Abstract 
Proposed method concentrates on the junctions of structures that usually have strongest influence on visual character of the 
building. To gain energy savings, a major change of the influence occurs when external thermal insulation is considered without 
any changes in other parts of the building. Whole building renovation is preferred because all the different parts of the building can 
be taken into account and the energy savings are larger and overall influence on the architectural appearance is smaller. Energy 
performance of the historic wooden buildings can be improved significantly without negative influence on the architectural 
appearance and destroying the milieu value of the district. 
© 2015 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the CENTRO CONGRESSI INTERNAZIONALE SRL. 
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1. Introduction
The average renovation rate in Europe is low, amounting to 1.2-1.4% per year. Thus it is estimated that by 2050,
about half of the existing building stock in 2012 is expected still to be operational [1]. Energy Roadmap 2050 [2] states 
that the prime focus should remain on energy efficiency, where buildings play a major role. Buildings are responsible 
for 40% of energy consumption in Europe [3]. In Estonia the share of buildings is much higher than the EU average,
amounting to 50.2%, in 2011 and 2012 it was slightly lower, about 48% [4]. Apartment buildings in Estonia account 
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for 51% of the total net area of dwellings [5]. The average heating energy used in historic wooden apartment buildings 
in Estonia was 211 kWh/(m2 a) and the average primary energy consumption was 331 kWh/(m2·a) [6]. This is more 
than twice higher than that expected in today’s new apartment buildings. Many studies [7-9] have indicated that the 
improvement of the building’s shell of existing building stock hides large savings potentials.
Historic buildings are an important part of cultural heritage, the preservation of which is important for society and 
culture. It is our target to work out the principles and guidelines for the preservation of historic values for the future 
generations. Additional exterior thermal insulation of historic building is a challenge. It may cause a significant visual 
change as well as a loss in original material, thereby reducing the value of a historic building and conflicting with the 
preservation target. Consequently, in principle, in those buildings, such kind of insulation is rejected. 
In addition to a single building, also a district can be valuable for its distinctive character. Important elements that 
express the character are defined mainly as an urban pattern, the formal appearance of buildings (both interior and 
exterior, defined by scale, size, style, construction, material, color and decoration) but also the various functions the 
area has acquired over the time [10]. In Estonia the valuable districts are protected as designated conservation areas or 
milieu valuable areas. Focus in this study is on historic buildings in milieu valuable areas (conservation areas), as the 
heritage restrictions are slightly milder (only the exterior of buildings is defined as valuable) and the buildings in 
milieu valuable areas are not merely protected.  
In the near future, large number of the buildings in milieu valuable areas will require major renovation [11]. Historic 
buildings are subject to demands set by different regulations as thermal comfort, hygrothermal performance and energy 
efficiency regulations on the one hand and the heritage regulations on the other hand. Historic buildings are often seen 
as the conflict area of different parties because of the different standpoints. The owners and heritage authorities may 
not pursue the same goals when it comes to improving living conditions and energy efficiency and preservation of the 
historical buildings. Finding solutions to conflicts that arise when energy efficiency requirements are applied on 
architectural heritage is an acute research topic in many countries [12-17]. The majority of the abovementioned 
methods take into account single structures but seldom concentrate on junctions of structures that usually have the 
strongest influence on the visual character of the building. In current study a replica of an original solution is considered 
to be acceptable, assuming that construction works follow the best practice. A method to assess the influence of energy 
retrofit measures on the building level in the milieu valuable district is presented. 
2. Method
In the renovation process, the first activity is to define the need for renovation and the assessment criteria for 
renovation measures. The need for renovation can be viewed from the following aspects: A)Urgent repairs to guarantee 
safety of buildings (mechanical resistance and stability, safety in use, safety in case of fire); B) Improvement of indoor 
climate (hygiene and health aspects, fulfilment of requirements to ventilation air rates and room temperatures; 
protection against noise); C) Improvement of energy performance of a building as well sustainable use of natural 
sources; D) Improvement of architectural planning, visual quality, overall living quality, and additional comfort. 
Safety aspects (A) and requirements for the indoor climate (B) are usually well-defined in laws and decrees. 
Commonly these are mandatory without large deviations. National legislation based on the Energy Performance of 
Buildings Directive [4] sets common targets for the energy performance of buildings (C). Even directive and national 
legislation provides an exception for buildings with special architectural or historical merit, owners and inhabitants 
have increased interest and willingness to invest in energy saving solutions to decrease expenses for energy, to make 
renovation more cost effective and to live in a more environmentally friendly building. The indoor climate and energy 
audits show the need for improvement of the indoor climate and the energy performance of a building. To assess the 
need for improvement of the indoor climate, indoor air quality and thermal comfort in selected apartments should be 
measured. The energy audit is specially needed, when partial renovation is planned. For deep renovation of a whole 
building, pre-renovation energy consumption is rarely needed, it is required when the relative decrease of energy 
consumption is needed. In addition, human requirements and needs (D) can change over time and cause the need for 
renovation. 
Methodologically, assessment of heritage values is a complex process since subjective evaluations cannot be ruled 
out entirely. Commonly, a wide range of qualitative methodological approaches are used to assess the heritage values. 
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The conservation field has traditionally relied on expert appraisals [18]. In current study the subjective evaluation also 
relies on an expert assessment (Table 1, Fig.1). 
Table 1. Evaluation matrix for energy retrofit measures. 
Other structures Exterior wall
Starting conditions of the building: 1 - original facade; 
–1 - façade in typical condition;
–3 - old façade not original.
Grades to retrofit measures:  0 - no influence;
–1 - undetectable influence;
–3 - tolerable influence; 
–5 - strong negative influence;
–7 - intolerable influence.
Assumptions:
- replica of original solution is acceptable;
- construction works follows the best practice.
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AF0. Original attic floor 1 -1 -3 1 -1 -3 -5 -7
AF200. Attic floor /roof: +200mm insulation: U 0.17 W/(m2×K)* 1 -1 -3 1 -1 -3 / -1 -5 / -1 -7 / -1
AF400. Attic floor /roof: +400mm insulation: U 0.11 W/(m2×K)* 1 -1 -3 1 -1 -3 / -1 -5 / -- -7 / -1
BF0. Original basement ceiling 1 0 0 0 0 0 0 0
BF100. Basement ceiling: +100mm insulation: U 0.21 W/(m2×K) 1 0 0 0 0 0 0 0
W2.8. Original window in original place: U 2.8 W/(m2×K) 1 -1 -3 1 -1 -3 -5 -7
W1.8. Window renovation: in original place U 1.8 W/(m2×K) 1 -1 -3 1 -1 -3 -5 -7
W1.4. Window replacement: new window U 1.4 W/(m2×K)** -1 -1 -3 0 -1 -3 / -1 -5 / -1 -7 / -1
W1.1. Window replacement: new window U 1.1 W/(m2×K)** -1 -3 -3 0 -2 -3 / -2 -5 / -2 -7 / -2
BW0. Basement wall, no insulation (original) 1 -1 -1 -1 -1 -3 -5 -7
BW70. Basement wall +70mm insulation: U 0.34 W/(m2×K) -3 -3 -3 -3 -3 -1 -3 -5
BW120. Basement wall +120mm insulation: U 0.24 W/(m2×K) -5 -5 -5 -5 -5 -3 -1 -3
BW170. Basement wall +170mm insulation: U 0.24 W/(m2×K) -7 -7 -7 -7 -7 -5 -3 -1
* eaves left in original place / eaves and rafters lengthened; **new window installed in place of original window / new in new place (Fig.1, d)
a) Original materials, appearance,
structure, details and relationships of 
building elements influence on the 
milieu value of the district.
b) The change of window: minor 
influence on the appearance
c) Additional thermal insulation on walls up to 
50mm + sheathing (windows step back up to 
70mm; minimum basement wall’s step 
forward): some influence on the appearance
d) The change of window and 
additional thermal insulation 
on walls, windows moved 
outward: minor influence on 
the appearance
Fig. 1 Different energy renovation measures and their influence on architectural appearance. 
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To assess the influence of the building renovation measures on the milieu of the district, the values of external 
appearance of the buildings should be defined. Values can be defined by an inventory of renovated building, the 
districts, where the building is located or of similar buildings in other districts. Values can be defined through external 
appearance, details of structures, materials, profile of boarding, coloring etc. It is important to understand that also the 
influence of possible differences from the original and the best solution should be defined. Thus, a multi-criteria 
analysis is required, which different aspects can most properly be taken into account in the final solution. 
First of all, the acceptable changes in the visual appearance have to be defined in the assessment. If an assumption 
is made that additional thermal insulation on the exterior of the building and replica of the original cladding are 
allowed, then the focus is on the junctions of the building constructions (wall and window; wall and roof; external 
wall and basement wall). In this study, many onsite measurements were conducted to set the limits for different 
junctions’ protrude and retreat to define the characteristics of the buildings. Based on the measurements and expert 
assessments, an evaluation matrix was composed to analyze the influence of different retrofit measures on the 
characteristics of the building (Table 1, Fig.1). 
3. Case study
The usability of the method was tested on a milieu valuable district of historic wooden apartment buildings in 
Tallinn. A Lender-type wooden apartment building was chosen for the case study (Fig.2). These buildings were widely 
spread in Tallinn at the end of the 19th century and at the beginning of the 20th century, demonstrating industrial 
development and general urbanization of Estonia. However, after the industrialized construction period between 
1960…1990 wooden apartment buildings were rather disgraced and not maintained property. Today these districts 
are very popular and many people are buying apartments in these buildings willing to renovate their own property. 
Fig. 2 Visual character of the building in the milieu valuable district before renovation (left) and after renovation (right).
Table 2 shows how and to what extent the method was used to take into account all the different aspects for the 
assessment of the energy renovation measures in a historic wooden apartment building. 
Within the determination of the need for renovation (thermal comfort, energy performance) grades were given to 
the renovation solutions, based on their influence on the milieu values. Under different scales, the influence can be
positive, neutral or negative. For example, the positive effect implies that the original external appearance is restored: 
unsuitable cladding is replaced with the replica of historic cladding and with original detailing. The neutral effect 
implies that the original external appearance is restored without replacement of materials or changes of colors. 
Basically, this means cleaning and painting of the building with replacement of damaged structures. Minor negative 
influence (Fig.1, b) means some building elements have been replaced for similar but modern ones. For example old 
damaged and leaky windows are replaced with new and energy efficient windows and installed in their original place. 
Slightly stronger influence (Fig. 1, c) on the milieu of the district is observed if the relationships between different 
structures and building elements change. There are three critical junctions on the façade of the building in the case of 
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a Lender- type building: the basement wall and the external wall; the window and the external wall; the external wall 
and the eave. Typically, in that type of a building the basement wall protrudes the external wall, the windows are 
located in the same plane with the external wall cladding without any protrude or step back, and the eaves have 
decorated rafters. The inventory of wooden apartment buildings, made by professional conservators, concluded that 
up to 7 cm step back in the case of window fem boarding is still acceptable in terms of milieu values. Thus, a thin 
additional thermal insulation layer can be installed without moving windows or changing the basement wall or the 
eave. When the whole building (Fig. 1, d) is under renovation all at once, it is possible to guarantee, that all materials, 
relationships between different building structures and elements can be preserved and only minor changes influence 
the milieu of the district. 
Table 2 Determination of the current situation and renovation solutions. 
Topic Target Basis of current study
A Technical condition and the 
need for renovation of 
wooden apartment buildings
Fulfilment of essential 
requirements on the perfor-
mance criteria of the building
The deep technical survey of 29 apartment buildings; the overall 
technical state and the most common areas requiring improvement is 
based on a survey of 133 apartment buildings in four towns [11].
B Indoor climate The  current state and need for 
improvement of indoor climate
Measurements of indoor temperature and relative humidity, air change 
rate, air quality and user satisfaction
C Solutions for energy 
economic renovation
The influence of single 
renovation measures and 
renovation packages on the use 
of energy
Measurement of energy use before renovation in 29 buildings and 
calculations of energy economic renovation of four typical apartment 
buildings [6]; insulation solutions to improve energy efficiency and 
thermal comfort
D Values and valuable details of 
building 
Determination of values to be 
saved and improved; possible 
changes as well as their 
influence on the heritage value
The survey of wooden apartment buildings; inquiry about the milieu 
valuable buildings and how different people perceive the milieu valuable 
areas and values concerning buildings
Fig. 3 Influence of the energy performance improvement on the architectural appearance of the building.
Different renovation packages were considered to find out the improvement of the energy performance and the 
influence on the characteristics of the building. Since the architectural appearance of a building is regarded valuable, 
the packages consisting of insulation measures were assessed. The grade expresses the alteration of the milieu value 
of the building. First, the average grade for the whole building is calculated taking into account all the single renovation
measures in the specific renovation package and their influence on the different junctions of the building (Table 1). In 
addition, if the additional thermal insulation of external wall is considered, then the grade of the starting condition of 
the façade is subtracted from the calculated average grade. 
The results of the improvement in the energy performance value and the influence on the milieu value are presented 
in Figure 3. For the energy performance the simulation software IDA Indoor Climate and Energy 4.5.1 was used and 
the simulations are described in more detailed manner in [6]. The starting point for the energy performance value is 
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558 kWh/(m2·a). The influence is presented in two different cases, first for a building in typical condition that needs 
to be repaired in the near future (Fig. 3 left), and second, for a building in a good condition, where renovation is 
motivated to improve the energy performances and thermal comfort (Fig. 3 right). 
The starting condition of the building has a strong influence on the overall grade of the renovation measures. To 
gain moderate savings, out of single or couple insulation measures, the measures less visible should be preferred. 
Under larger energy savings by applying few measures, a major change of the influence occurs when the external 
thermal insulation is considered without any changes in other constructions or junctions connected to the external 
wall. But in both cases the whole building renovation is preferred when the energy savings are larger and the overall 
influence on the milieu value is smaller.  The reason is that when renovating the whole building, all the different parts 
of the building are taken into account and it is easier to solve the junctions of the façade elements without degrading 
the architectural appearance of the building. 
4. Conclusion
In the near future large number of the buildings in milieu valuable areas will require renovation. Historic buildings 
are subject to demands set by different regulations, energy efficiency regulations on the one hand and the heritage 
regulations on the other hand. A method to assess the influence of energy retrofit measures on the building level in 
the milieu valuable district was introduced and tested. Different renovation packages were analyzed to find possible 
changes in building appearance. Independent of the starting conditions, the whole building renovation is preferred 
over single insulation measures that are visually easier to detect. Our results show that the energy performance of the 
historic wooden apartment buildings can be improved significantly without negative influence on the architectural 
appearance and destroying the milieu value of the district. 
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